The "good and gray" (Williams 1963:297) cultures of the Late Woodland period in the Eastern Woodlands are so named because they lack the elaboration of the preceding Middle Woodland. Traditional attempts to explain this loss of elaboration as a consequence of social breakdown or climatic change fail empirically or are untestable and do not account for the variety of trajectories observed. The "waste" hypothesis both accounts for this kind of variation and is testable. Here we describe the critical variation in different areas of the Ohio Valley and outline a brief explanation, relying on simple variables drawn from evolutionary theory. © 1999 Academic Press Key Words: evolution; Hopewell "collapse"; Late Woodland period; selection; waste.
INTRODUCTION
The concept of "waste" was originally developed (Dunnell 1989) in the context of attempting to explain the so-called florescence or cultural climax in the eastern United States typified by Middle Woodland Hopewell, especially Ohio Hopewell, cultural units (e.g., Griffin 1952 Griffin , 1960 Griffin , 1961 Griffin , 1997 Seeman 1979) . Although the epitome of cultural elaboration in the pre-Columbian Ohio Valley, relatively little effort was expended on explaining Hopewell's occurrence, largely because, one suspects, its causes were not seen as exceptional. Hopewell's origin was simply an expression of cultural progress that dominated archaeological thought throughout most of the nineteenth and twentieth centuries. Ohio Hopewell and the sequence leading to it, in fact, exemplify the power of such covert mechanisms. Until this century, Ohio Hopewell was thought to postdate Fort Ancient because it was more "advanced" (cf. Mills 1907; Moorehead 1899; Putnam 1886). With the clarity born of hindsight we can also see how "facts" grew to meet the interpretive need.
Woodland subsistence was thought [although not universally so (e.g., Caldwell 1958; Cleland 1966; Dunnell 1972)] to be agricultural or at least "horticultural" (e.g., Griffin 1960 Griffin , 1967 Willey 1966 ; Willey and Phillips 1958; Wray and MacNeish 1961; contra Prufer 1997a), i.e., "food-producing" (Morgan 1877). In this scenario, although it is rarely explicit, it was a surplus generated by food production that fueled the Middle Woodland climax of the Ohio Valley.
There are manifold problems with this explanation. Since these have been detailed elsewhere (Dunnell 1989) , it is necessary only to enumerate the principal flaws here. First, the existence of a "surplus" does not provide a mechanism for cultural elaboration even in the ad hoc, commonsensical explanatory mode; it is at best a condition, not a cause. Second, the concept of surplus is, itself, indefensible in scientific explanation. It is not well-defined, even when such is attempted, and when it is defined, it is clearly an ethnocentric concept, i.e., it values particular uses of energy as better than other uses role in integrating the fledgling chronology of the eastern United States (Dunnell 1996) . Prior to considering hypotheses proposed to account for the Hopewell "collapse," it is appropriate to briefly characterize the relevant expressions in the archaeological record.
The Middle Woodland Hopewell phenomenon is known for its large-scale geometric earthworks, hilltop enclosures, and complex burial mounds with elaborate tombs. Materials interred in the mounds are remarkable for their sheer quantity and their "aesthetic" qualities (i.e., amount of labor invested). Most of the burials include finely crafted grave goods, many made of exotic raw materials obtained through interregional trade: marine Busycon and Cassis shells from the Gulf and southeast Atlantic coasts, mica and quartz crystals from the southern Appalachians, grizzly bear teeth and obsidian from the Rocky Mountains, pottery from the Southeast, galena from northern Illinois, copper and silver from the Upper Great Lakes area, and chalcedony from North Dakota (Griffin 1952 (Griffin , 1967 Prufer 1964; Seeman 1979; Walthall et al. 1979) . Even domestic pottery exhibits a degree of elaboration not seen in Ohio Valley archaeological assemblages before or since.
From a cultural evolutionary perspective, the impressiveness of the earthworks and finely made artifacts meant the Hopewell phenomenon had to be at the peak of cultural development in the Eastern Woodlands (Griffin 1943:211 Griffin 1960 Griffin , 1961 ] have been forwarded to account for the end of Hopewell. To these, we add a fourth hypothesis-an increase in carrying capacity (or in its reliability) decreased the fitness of "wasteful" Hopewellian populations. These accounts all differ in terms of derivation, testability, and data requirements. Thus, as potential explanations, not all accounts are equal.
Some (e.g., social and/or political disruption) are inductively derived interpretations of the archaeological record, while others (e.g., climatic change and waste) are deductively reasoned hypotheses; some are empirically testable, while others are not; of those that are potentially testable, the data requirements are imperfectly met.
It is this last point, data requirements, that causes the most concern. Because different theories have different data requirements, each generates its own "facts" (e.g., Dunnell 1971; Fitting 1973; Lewontin 1971). However, most of the data relevant to the Hopewell "collapse" have been generated within the framework of culture history. As a consequence, data necessary to evaluate, e.g., hypotheses generated within an evolutionary perspective, may not have been collected or, if collected, may not be in an appropriate form. Because the end of Hopewell was so abrupt and affected so many parameters, however, some empirical testing is possible, even if conclusive results cannot be achieved here. Below, we offer a brief account of the four principal hypotheses proposed to account for the end of the Hopewell phenomenon, deduce expectations testable with archaeological data, examine the relevant data, and suggest directions for future research necessary to explain the end of the Hopewell phenomenon.
Disease
The disease hypothesis (Prufer 1964 (Popper 1963) . Similarly, hypothesis 5 assumes a mechanism linking "local autonomy" with agri- The point is that none of these accounts can be considered valid hypotheses because they either make use of unstated "theoretical" propositions drawn covertly from Western common sense or they lack empirical referents rendering them untestable or both.
The Climatic/Surplus Hypothesis
Griffin [1960, 1961 ; see also Vickery (1970) ] claimed that the Hopewell "collapse" followed the onset of a colder and drier climatic regime closely (Fig. 1) ; such a climatic deterioration was hypothesized to decrease significantly the productivity of the agricultural subsistence base that was assumed to support the Hopewell phenomenon. In this account, a cooler climate would lead to a shorter growing season, resulting in decreased predictability of agricultural yields (in particular maize, despite limited direct evidence for it from Middle Woodland contexts). Decreases in maize productivity would make acquiring the surpluses believed necessary to support Hopewell's level of cultural complexity more difficult, thereby causing the "collapse."
Empirical expectations. Unlike the ad hoc proposals involving social or political factors to account for the "collapse," this explanation of Hopewell elaboration does generate empirically testable expectations. This hypothesis, as originally proposed, has already been falsified; it assumes that maize agriculture was the subsistence base. It has since been established that Hopewell populations were not dependent upon maize (Bender et al. 1981). Smith's (1992) proposal for a nonmaize but nonetheless agricultural basis for Hopewell could be employed in the same role and is not falsifiable with existing data. Fortunately, these details are not critical here because any climatic change that decreased the net productivity of any key resource or set of resources, could have had a similar impact on populations. Thus, regardless of the subsistence base, climatic deterioration is expected to correlate with the timing of the "collapse" in "surplus" explanations. 
The "Waste" Hypothesis
As initially outlined by Dunnell (1989), this hypothesis designates the counterintuitive notion that under some specific selective conditions (e.g., unpredictably variable or "marginal" environments) the diversion of energy into nonreproductive activity (e.g., cultural elaborations termed "waste"), necessarily at the expense of reproduction, might become fixed in some populations at relatively high levels. This is so because such populations at whatever scale waste has become fixed are more likely to survive unpredictable resource crises. A corollary of relevance here is that increases in the environmental carrying capacity 1 (or in its predictability) will decrease the fitness of those cultural elaborations. Higher rates of reproduction will be at the expense of waste. Lineages that come to dominate the archaeological record are those whose individuals reproduce most rapidly. The Hopewell "collapse" is thus turned on its head. An improvement in subsistence security eliminates all of the markers intuitively signaling "advancement."
Empirical expectations. An increase in carrying capacity would select against high levels of waste. Increases in net productivity might arise in one or both of two broadly distinct ways: climatic change toward warmer and/or wetter conditions or a change in subsistence productivity. Thus, we expect that one or both of these events must correlate with the loss of cultural elaborations.
Second, the particular form that waste takes within a population, in this case earthworks, mounds, mortuary features, grave goods, and so on, is a matter of history and transmission (i.e., homology). While the Woodland expression of waste may have spread in large part by diffusion (here we mean the form waste takes when present, not the amount of waste fixed), its disappearance should prove to be highly variable. When waste disappears, only the amount of waste, not its form, is amenable to selection. There are no external forces to mold it in similar directions, nor is there the possibility of diffusion (there is nothing to diffuse) to unify the trajectory of waste reduction. Thus, if we are correct in what caused the Hopewell phenomenon, then we expect that it should end variably in terms of form.
Third, the loss of waste has implications for population size. As carrying capacity increases for whatever reason, time and energy previously invested in cultural elaborations such as mound building and other nonreproductive energy uses will decrease fitness. Thus, we expect an increase in population to correlate with the loss of waste.
Fourth, the elimination of waste has implications for the demographic makeup of the population (see Madsen et al. and Sterling, this issue). When energy is no longer channeled away from reproduction, fertility rates will increase. Increasing fertility rates may be observable in skeletal populations as relatively greater proportions of children to adults [e.g., Hoffmann and Parson 1997:36 -37 (biology); Milner et al. 1989 (archaeology)]. Thus, in the absence of significant bias, skeletal populations from the more "efficient" Late Woodland should exhibit higher children/adult ratios than the more "wasteful" Middle Woodland populations.
HYPOTHESIS EVALUATION: THE EMPIRICAL RECORD
It is obvious to anyone familiar with the archaeological record of the region that the data to rigorously evaluate these propositions are largely nonexistent, strongly held beliefs notwithstanding. Even so, simply because of the magnitude of the * See Notes section at end of article for all footnotes. changes involved, we expect that patterns in existing data will allow us to identify the principal, if not the only, factors that explain the "collapse" of the Hopewell phenomenon.
Evidence for Warfare
The hypotheses of both Prufer (1964 (1988) noted that the remains are most often young adult males, consistent with the notion that they are remainders of vanquished foes. To the extent that these artifacts are indeed trophies of warfare, we might anticipate that their frequencies will increase near the "collapse" if intergroup conflict grew. This is not the case (Fig. 2) . Of the 53 trophy skulls listed by Seeman (1988) , 2 (4%) are from early (Tremper and Mound City) Middle Woodland contexts, 30 (57%) are from middle (Harness, Seip, and Hopewell) Middle Woodland contexts, and 21 (40%) are from late (Turner, Ater, and Marriott) Middle Woodland contexts. As Fig. 2 shows, the small sample size results in a large potential error; nevertheless, the late deposits appear to have fewer, and certainly not more, trophy skulls than those from the middle period.
Appearance of Bow-and-Arrow Technology
Both Wray and MacNeish (1961) and Ford (1974) 
Carrying Capacity Change
Evidence for carrying capacity change is potentially the best way to evaluate the waste explanation of the Hopewell "collapse," inasmuch as the direction of change, not just the magnitude of change, is different from that envisioned in other accounts. Thus, in the face of poor-quality data, there is still a reasonable chance to eliminate some of the competing hypotheses. There are two ways that such change may take place, externally ("naturally") and internally ("culturally") induced. With the more traditional terms used in archaeology, the former is explored under "climatic change" and the latter is treated under "subsistence change." Subsistence change. Internal changes might arise either as technological change (changes in the human phenotype) or as changes in the exploited organisms (changes in other organisms' phenotypes) through human manipulation of selective conditions. While they leave different kinds of evidence, they are closely interactive (Rindos 1984). Technological change might be as simple as a new tool or technique or as complex as an integrated suite of tools, techniques, and schedules (e.g., agriculture). Change in the properties of plants and animals in response to human predation is usually discussed as "domestication."
The waste hypothesis predicts that, if agriculture is involved at all, the appearance of agriculture and/or maize will correlate with "collapse," not "climax."
2 Stable carbon isotope data from the time period of interest (Bender et al. 1981; Greenlee 1999; van der Merwe and Vogel 1978) in the Ohio Valley indicate that significant maize consumption does not appear until well after the Hopewell "collapse" (Fig. 3) . It is of particular interest that not all individuals from those Late Woodland contexts with evidence for early maize consumption had the same diet. Data generated by one of us (DMG) shows that some individuals appear to have been significantly committed to a maize-based diet, while others apparently ate little or no maize. This kind of individual scale data is essential if we wish to determine how the dietary change to a maize-based system occurred (Greenlee 1999). It should also serve to illustrate Neiman's (1998:286) error in characterizing the waste argument as inherently "group selection." The scale at which waste occurs is, as in all other evolutionary processes, an empirical matter and must be determined on a case-by-case basis.
Nonmaize-based agriculture, i.e., one employing starchy seeds (Smith 1992 (1987, 1992) examination of the composition of archaeobotanical assemblages in Middle and Late Woodland contexts seems to support this notion, where differences between the two periods reflect changes in exploitation intensity more than changes in resources utilized.
Climatic change. The differences between the two hypotheses that posit climatic change as a cause of the "collapse" are dramatic and can be differentiated with poor-quality data. In the surplus case, "collapse" should be associated with a decrease in carrying capacity and in the waste explanation, it will be associated with an increase in carrying capacity. Even in the absence of maize agriculture or any kind of agriculture, a climatic change to colder and/or drier conditions would lower net productivity and, thus, carrying capacity; alternatively, a change to warmer and/or wetter conditions would increase productivity and, thus, carrying capacity.
Recent models of climatic change suggest that climate did not become colder and drier at the end of Hopewell as believed at the time Griffin (1960, 1961) (Fig. 1) . Without more specific information, however, it is impossible to determine the probable impact of that climatic episode on productivity: warmer conditions would increase productivity while drier conditions would decrease it.
To better resolve the climatic conditions at that time, we turn to studies of past lake-level fluctuations conducted using beach ridge and dune features along the shores of the Upper Great Lakes. We have plotted (Fig. 4) cipitation and perhaps slightly cooler temperatures. That conditions are generally wet during the early Late Woodland period is also supported by tree ring widths in bald cypress (Taxodium distichum) trees from North Carolina (Stahle et al. 1988) . Thus, the direction of climatic change appears to be toward warmer and wetter conditions (and therefore increased net productivity and carrying capacity) at the end of Hopewell.
Population Size and Demography
We anticipate that population size should increase as waste is reduced. Because it is unknown to what degree a burial population is a sample of the living population, archaeologists often turn to settlement attributes (e.g., settlement counts, settlement areas, and roofed areas) to identify ordinal scale changes in population size and density. Unfortunately, archaeologists' preoccupation with Middle Woodland mortuary contexts and the relative invisibility of the Middle and Late Woodland settlement records in the Ohio Valley combine to make such an assessment currently impossible.
The waste hypothesis has direct implications for the demographic structure of "wasteful" and "efficient" populations that can be addressed cautiously with human skeletal assemblages. We stress "cautiously" because of the many biases that can influence the composition of skeletal collections. First, our burial data are only a sample of the actual burial population. Thus they are subject to several sources of error, including n-transforms (i.e., are the chemical and mechanical properties of the deposit such that infants and children are likely to be underrepresented due to postdepositional factors?) and sampling (i.e., is the skeletal assemblage recovered an unbiased sample of the burial population?) and analytic (i.e., are there systematic errors in age or sex estimation?) errors. Second, the burial population is only a sample of the living population and is also subject to bias [i.e., does the burial assemblage include the entire population or were some segments of the population treated differently (not all bodies buried or, if buried, not in the same way and/or place) and, thus, not represented in the sample?]. These potential sources of bias need to be evaluated for skeletal assemblages on a case-by-case basis. Comparing the age structure of archaeological skeletal assemblages with models derived from modern populations can help to determine when assemblages are severely biased (Konigsberg 1985; Milner et al. 1989).
Comparing the ratio of children (Ͻ5 years of age) to old adults (Ͼ45 years) in age-at-death distributions has been shown to be a reliable indicator of relative fertility rates (Milner et al. 1989 Figure 5 compares the age-at-death distributions of two Middle Woodland-aged archaeological skeletal assemblages with modeled distributions for the !Kung (low fertility) and Yanomamo (high fertility) (Milner et al. 1989 ). The age-at-death structure for the population from Fairchance Mound is quite similar to that modeled for the !Kung, with slightly fewer children (Ͻ5 years) and correspondingly more young adults (20 -35 years). At Turner, the very young appear to be significantly underrepresented and old adults are overrepresented; this pattern may reflect very low fertility rates or, more likely, a bias against infants and children.
Without more information, however, that is impossible to assess.

The Loss of Cultural Elaboration
While most accounts of the Hopewellian "collapse" emphasize the apparently abrupt loss of cultural elaboration, that generalization is not sustained by the empirical record. Indeed, the supposed "collapse" is an artifact of the theory used to describe it 3 and incomplete knowledge of the record (e.g., comparing cemeteries with towns). In reality, different forms of cultural elaboration are maintained for different lengths of time in different areas of the Ohio Valley. In many places, particularly on the eastern and western peripheries, the loss of the mortuary elaboration affects mounds, mortuary features, and grave goods more or less evenly. Mounds get smaller and less elaborate, and grave goods become less numerous and/or elaborate, but often show continued access to at least some exotic materials. Finally there are even cases where burial goods persist, albeit reduced in quantity and/or elaboration, while mound construction drops out. Sometimes older mounds are used for Late Woodland burials as in Intrusive Mound deposits (Mills 1922) or the use of mounds disappears altogether as in Newtown Firehouse (Genheimer 1981).
Watson-period mounds in the upper
Unlike the rise of the Woodland mortuary complex, which follows a similar pattern over a broad area [so much so that it gave the notion of an "interaction sphere" (Caldwell 1964)], the loss of this complex is a mosaic of trajectories of change. The examples cited provide a sense of the variation in waste reduction that constitutes the Hopewell "collapse." It is clear that the loss of Middle Woodland cultural elaboration did not follow a single unilinear path. Different forms of waste persisted differentially. Of course, waste does not disappear completely just as it was not completely absent before the Woodland. What is significant, however, is that once clearly agricultural communities using maize were established in the region, the "climax" that was Hopewell was gone and the number and especially the size of domestic sites increased dramatically.
DISCUSSION
Several of the social and/or political hypotheses can be eliminated from consideration as potential explanations of the Hopewell "collapse" because their empirical implications were not met. There did not appear to be an increase in indicators of warfare toward the end of the Middle Woodland period, and the appearance of bow-and-arrow technology and maizebased agricultural systems both occurred during the Late Woodland period, after the "collapse." Even if the correlations they posited had been documented, however, these social hypotheses would fail as explanations because they provide no causal connections, i.e., there is no mechanism directly tying the "reason" to the outcome. For some scenarios, no empiri-cal implications could be deduced, rendering them completely untestable.
As initially conceived, the climatic/surplus hypothesis assumed that Hopewell populations were dependent upon maizebased agriculture. While that has been shown not to be the case (Bender et al.  1981) , there is no reason why a climatic change might not have affected negatively the productivity of other plants that did provide the subsistence base. As climatic data accumulate, however, it appears that climatic conditions became more favorable, not less so, at the end of Hopewell. Thus, the climatic/surplus hypothesis is falsified.
While data are lacking for a rigorous test of the waste hypothesis, it was not falsified with the data at hand. A climatic change that would result in an increase in carrying capacity was documented. Although the appearance of maize farming was apparently later than the "collapse," the composition of archaeobotanical assemblages and the short-term occupation of nucleated villages suggest some corresponding changes in the subsistence system. Finally, the loss of cultural elaboration was shown to be a highly variable process, with multiple pathways toward a common endpoint.
Future Directions
A satisfactory explanation of the Hopewell phenomenon will require considerable data that are currently unavailable. Here we suggest a few directions for future research that will provide the crucial missing data. Perhaps most importantly, all data must be generated so as to represent the variability of the parameters being described. Assemblage-wide, component-level, or even phase-level characterizations are wholly inadequate because evolutionary theory can only explain variability. You can, for example, go only so far knowing that the mean number of rows on maize cobs changes from x to y over period a to b. There is no way to explain that observation unless you know about the distribution of the parameter. For example, do row numbers have a normal, bimodal, multimodal, or Poisson distribution? Or, what is the variance and how it is linked to changes in means? Only with these kinds of data can evolutionary mechanisms for the change be brought into play and alternative hypotheses about selective conditions be evaluated. Some more specific issues can be enumerated.
1. Chronologies of greater precision and accuracy are required. Typological "dating" cannot be used to establish the age of materials when the object is to document change in cultural phenomena. Furthermore, chronometric dating has to be improved by making better associative arguments (Dunnell 1999) and by ensuring the methods selected are appropriate to the materials sampled and the questions being asked.
2. More detailed understanding of environmental change is needed. Such understanding cannot be, as it currently is, biased toward a few environments that preserve pollen well, but account for only a fraction, variable and probably always small, of the exploited habitats. There is room for optimism, as the accuracy and precision of climatic reconstructions are increasing dramatically (e.g., Houghton et al. 1996; Mann et al. 1998 Mann et al. , 1995 .
3. Much better data are required on subsistence and, most especially, diet. Dietary information, such as that provided by stable carbon isotope ratios in human bone, can (unlike faunal and floral data) be linked to individuals. This is important for revealing how subsistence change spreads in populations (Greenlee 1999) and, when linked to demographic and disease data, the effect of subsistence change on populations. Research is currently underway to document dietary, subsistence, and settlement changes associated with the appearance and spread of maize farming in the Ohio Valley.
4. Finally, more data on the demographic structure of Middle and Late Woodland populations are necessary to evaluate the impact of subsistence changes on those populations.
CONCLUSIONS
We have shown that many of the socalled explanations for the "collapse" of Hopewell are not testable hypotheses. Even those few with testable implications, however incomplete, have proved to be falsifiable with existing data. The only hypothesis surviving empirical testing is the waste thesis derived from evolutionary theory. While this qualifies it as an explanation of the Hopewell "collapse," it is by no means clear that it survived testing because it is a robust account or because of the poor quality data that exist for testing currently. In looking at general patterns over large areas and focusing on the end of Hopewell (rather than its origin), we have shown that the waste hypothesis is worth pursuing and we have suggested ways in which this might be done.
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NOTES
1 That one cannot measure "carrying capacity" on a ratio scale does not alter the fact that there must exist some limit on the number of real organisms that can live indefinitely in some real environment, nor does it preclude its use in initial explanatory sketches such as this.
2 Maize-based agriculture has also been cast as the cause of "collapse" in some social scenarios (Cleland 1966; Dragoo 1976) . In this view, maize farming allowed local populations to decrease their dependence on the Hopewell social organization and, thus, the system fell apart. Like the other commonsense accounts, there is no mechanism to link cause and effect, nor is the scenario empirically testable.
3 One cannot help but be struck by the similar conclusion reached by Erasmus (1968) concerning another famous cultural "collapse," that of the Classic Maya. One can only hope that archaeology is better prepared to understand the impact of theory on the creation of "facts" than was true in 1968.
